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(57) ABSTRACT 
The device of the present invention utilizes a processing 
principle for time-axis compression-expansion devices 
which presents variations of reproduction speed from 
reducing the intelligibility of sounds. Sound signals, 
without being subjected to any time-axis processing, are 
altered in frequency while some reduction in intelligibil 
ity would be expected to occur, the sound signals are 
subjected to time-axis transformation processing (com 
pression-expansion processing) to yield reproduced 
signals of high intelligibility. 
The present invention is characterized by the capability 
of making this type of processing available through the 
use of simple, inexpensive system configurations such as 
an analog to digital conversion system based on delta/A 
modulation. The speed-changer signal processing cir 
cuitry is bypassed automatically when record-playback 
speeds are the same to avoid processing noise. 

4 Claims, 10 Drawing Figures 
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1. 

TIME-AXES COMPRESSION-EXPANSION 
DEVICES FOR SOUND SIGNALS 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement of 
time-axis compression-expansion devices for sound sig 
nals. 
Tape recorders have been used for the preparation of 

conference minutes, of the grasp of conference proceed 
ings through repetitive listening to the tape, for lan 
guage training, etc. However, with them a number of 
disadvantages have been experienced, as follows, from 
the standpoint of efficient execution of jobs. In prepar 
ing conference minutes or in language training, the tape 
recorder needs to be stopped from time to time for the 
purpose of time adjustment, since the speed of speech 
coming from the tape recorder exceeds the writing 
speed of the listener. In addition, when one wants to run 
the recorder to confirm what has been recorded at a 
conference or lecture meeting, one needs to spend as 
much time listening to the tape required for recording. 
These jobs may be performed with improved efficiency, 
for example, by adjusting the motor driving system of 
tape recorder to slow down or speed up the reproduc 
tion speed. While such adjustment may change the 
speed of speech to the level appropriate for the purpose 
intended, it causes the pitches of speech sounds to be 
varied with a result of lowered intelligibility of sounds 
making it extremely difficult to grasp the content of 
speech. There has, therefore, been a demand for a de 
vice which may adjust the reproduction speed or re 
corded matter without an accompanying change in 
sound pitch. Such demand has previously been satisfied 
the use of rotatary magnetic head systems which handle 
sounds as analog signals, i.e., with no A/D conversion, 
with device which employs analog or digital memory 
elements to adjust sound pitches by altering the speed of 
address change for write and read, or with a device 
which employs a random access memory with write 
and read controls as exemplified by U.S. Pat. No. 
3,786, 195 to Schiffman. However, these conventional 
devices are handicapped by complex structures which 
make these products expensive. 
Conventional devices designed to meet such demand 

are provided with two operating sections, one of which 
changes the compression-expansion ratio and the other 
turns on and off the time-axis compression-expansion 
function. For the changeover of the compression 
expansion ratio two systems have been proposed, the 
continuous setting system and the stepwise setting sys 
tem for the ratio. Treatment of sound signals with a 
time-axis compression-expansion device, however, will 
inevitably result in output of sounds with reduced qual 
ity, for example, since transfer among memory elements 
causes wave form to be distorted, AD or DA conver 
sion causes noises to be made, and the discontinuity at 
signal connecting sections gives rise to noises. On the 
other hand, when sound signals are subject only to 
change of reproduction speed without time-axis com 
pression-expansion processing applied, it has experi 
mentally been proved that, although the frequency 
pitch is caused to change with resulting change in tone, 
the intelligibility of reproduced sounds remains un 
changed as long as there is little difference between the 
reproduction and original recording speeds. 

In addition, conventional devices are operated, for 
changing the speed of reproduced sounds, by handling 
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2 
by hand a knob provided on their adjustment operating 
sections, which manual operation is tedious and thereby 
lowers job efficiency in making typed or written docu 
ments from recorded tapes, etc. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to make avail 
able a defectless, simple, inexpensive time-axis compres 
sion-expansion devices for sound signals, thereby con 
tributing to the ease of repetitive listening for grasping 
conference minutes, language training, etc. and also to 
make available a handling device most suitable for the 
speed-change operation on reproduced sounds. 

This and other objects of the present invention will 
become more fully apparent with reference to the fol 
lowing specification and drawings which relate to the 
preferred embodiments of the present invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the first embodiment of 

the present invention; 
FIG. 2 is a circuit diagram for the compression ex 

pansion ratio changeover circuit of FIG. 1; 
FIG. 3 is a block diagram of a second embodiment of 

the present invention; 
FIGS. 4(A)-(K) are timing charts for demonstrating 

the operation of FIGS. 1-3; 
FIGS. 5 and 6 are circuit diagrams showing details of 

A to D converter 24 and D to A converter 28 of FIG. 
3; 
FIG. 7 is a block diagram of a third embodiment of 

the present invention; 
FIG. 8 is a block diagram indicating an example 

structure of the memory of FIG. 7, 
FIG. 9 is a block diagram of a fourth embodiment of 

the present invention; and 
FIG. 10 is a configurational diagram suggesting other 

applications of the present invention. 
DETAILEED DESCRIPTION OF THE 

INVENTION 

For the purpose of eliminating the above-mentioned 
disadvantages, the present invention envisions an opera 
tional, processing means as shown in the FIG. 1 em 
bodiment which changes over the time-axis compres 
sion-expansion ratio, and also a compression-expansion 
device as shown in the FIG. 3 embodiment which is 
based on the delta (A) modulation system. Another 
compression-expansion device according to the present 
invention is disclosed in the FIG. 7 embodiment of the 
present invention which is equipped with a random 
access memory in its digital signal memory and is capa 
ble of writing digitalized sound signals in the memory at 
prescribed periods and reading out them at different 
periods, and a foot-operated sound-reproduction speed 
changer is disclosed in the FIG. 9 embodiment of the 
present invention which is to be attached to a time-axis 
compression-expansion device capable of not only of 
varying the speed of reproduction of sound signals of 
the recording device but is also capable of applying a 
conversion processing to frequency pitches of repro 
duced signals so as to produce easily audible sounds. 
The discussion of the present invention presented 

below should be detailed by referring to the drawings 
appended. 

In FIG. 1, the first embodiment of the present inven 
tion, 1 is a magnetic tape with sounds recorded thereon, 
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2 is a reproducing head for reproducing the sound re 
corded, 3 is a pre-amplifier for amplifying the repro 
duced signal previously arranged by the reproducing 
head 2 to such a level as is adequate for the treatment of 
time-axis compression and expansion, 4 is a time-axis 
comression-expansion circuit which compresses or ex 
pands the sound signal input via the pre-amplifier 3, 5 is 
a speaker, 6 is a compression-expansion ratio change 
over circuit which changes over the time-axis comres 
sion-expansion ratio, 7 is a driving device for the mag 10 
netic tape 1, and 8 is a drive control circuit which con- . 
trols the driving device 7. 
The compression-expansion ratio changeover circuit 

6 shown in FIG. 2 in correspondence with FIG. 1, is 
composed of the slide resistor 9, the slide switches 10 
and 11, and the group of resistors 12 connected between 
the slide switch 10 and slide resistor 9; the slide resistor 
9 operates in connection with the slide switches 10 and 
11. 
When the compression-expansion ratio is equal or 

close to unity, the structure shown in FIGS. 1 and 2 
allows the slide switch 10 to connect the slide resistor 9 
to the drive control circuit so that the magnetic tape 1 
may be subject to continuous speed control and permits 
the slide switch 11 to make the sound signal from the 
pre-amplifier 3 bypass the time-axis compression-expan 
sion circuit 4 directly to the speaker 5. When the com 
pression-expansion ratio is other than the above (for 
example ratios 0.3, 0.5,0.7, 1.4, 1.7, and 2.0 as adopted 
in FIG. 2), the slide switch 10 is allowed to select out of 
the group of resistors 12, the resistor which corresponds 
to the compression-expansion ratio set and connect it to 
the drive control circuit 8, thereby establishing the 
required speed of magnetic tape; simultaneously, the 
slide switch 11 is permitted to lead the sound signal 
from the pre-amplifier 3 to the time-axis compression 
expansion circuit 4 so that the sound signal after time 
axis processing may be transmitted to the speaker 5. 

In connection with the above example, modifications 
according to actual need are of course available, for 
example, such a device is capable of changing the repro 
ducing speed while not modifying the tone compensate 
for the variation of the original speed. The processing of 
time-axis compression-expansion is to be applied to 
sound signals before reproduction only when the above 
device fails to produce adequately audible sounds. 
As seen from the above explanation, the present in 

vention may provide high-performance time-axis com 
pression-expansion since the device designed to choose 
the execution of the time-axis compression-expansion 
processing depending on values for the compression 
expansion ratio. 

Referring now to the second example of the present 
invention as shown in FIG. 3, 22 is a magnetic tape with 
recorded sounds, 21 is a reproducing head for reproduc 
ing the sound recorded on the magnetic tape 22, 23 is a 
pre-amplifier for amplifying the reproduced signal pre 
viously arranged by the reproducing head 21 to a suit 
able level for the time-axis processing, 24 is a delta (A) 
modulation system which subjects the output from the 
pre-amplifier 23 to constant-difference modulation (A 
modulation), and 25 and 26 are random access memories 
(RAM hereinafter). According to the respective pulse 
timing signals PT1 and PT2 from the address counters 
31 and 32 and the read-write signals RW and RW from 
the control circuit 34, the RAMS serve to store digital 
data from the delta (A) modulator 24 or read out this 
stored data to the DA converter 28 via the gate circuit 
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27. Low pass filter 29 filters out the high-frequency 
components of the analog data from the DA converter 
28 before outputting this data to the output amplifier 35. 
Speaker 36 is connected to the output amplifier 35, 
pulse oscillators 30 and 33 output respectively encoded 
pulse EPS and decoded pulse DPS signals for putting 
the delta (A) modulator 24 and the DA converter 28 
into operation, respectively, and compression-expan 
sion ratio changeover circuit 32 which changes over the 
compression-expansion ratio for the reproduced sounds. 
This structure is characterized by the following func 
tions. A change of setting of the compression-expansion 
ratio changeover circuit 37 will result in not only a 
change in repetition rate of address pulses APSA and 
APSB via the control circuit 34 but also changes both 
the modulation ratio of the delta (A) modulator 24 and 
the tape speed of tape recorder. The outputs EPS and 
DPS from the pulse oscillators 30 and 33 to the control 
circuit will produce the read-write signals RW and RW 
of fixed and variable frequencies. 
The above-described structure employs RAM as 

memory, but it is of course possible for the RAM to be 
substituted with shift registers. 
Below will the timing chart of FIG. 4 be referred to 

for explaining the operation of the time-axis compres 
sion-expansion device having the above-described 
structure. 
FIG. 4(A) shows an original signal obtained from the 

recorded sounds at an ordinary tape speed. FIG. 4(B) 
shows a reduced-speed reproduced signal obtained by a 
reproduction with, for example, half the ordinary tape 
speed. The signals frequency is reduced to half the 
frequency of the original signal's. This reduced-speed 
reproduced signal is electromagnetically read by the 
reproducing head 21 from the magnetic tape 22, trans 
mitted to the delta (A) modulator 24 via the pre 
amplifier 23, and then subjected to an AD conversion 
according to the timing of the encoded pulse EPS, 
shown in FIG. 4(K). The signal is then output from the 
pulse oscillator 30 and written into addresses within 
RAMs 25 and 26 in accordance with address counters 
31 and 32, respectively. These two RAMs 25 and 26 
repeat alternate write and read modes under the direc 
tion of the read-write signal RW, shown in FIG. 4(F), 
issued from the control circuit 34 and the read-write 
signal RW, shown in FIG. 4(G), with reverse phase 
relative to the signal RW. Simultaneous with this alter 
nate mode repetition, the address pulse APSA and 
APSB, shown in FIGS. 4(H) and (I), are issued from the 
control circuit 14 and are counted by the address count 
ers 31 and 32, respectively, resulting in the control of 
write and read speeds of the RAMs 25 and 26. In this 
example with a value of as the sound compression 
expansion ratio, the speed with which the data is read 
from RAMs 25 and 26 is twice as high as that for data 
written into the RAMs 25 and 26. Thus, that data read 
from RAMs 25 and 26 is alternately transmitted by the 
gate circuit 27 to the DA converter 28, where it is con 
verted an analog signal in accordance with the timing of 
the decoded pulse DPS, shown in FIG. 4(J). This signal 
is then output from the pulse oscillator 33. Accordingly, 
the reduced-speed reproduced signal, shown in FIG. 
4.(B), having a frequency equal to half the original sig 
nal's has the same frequency components as the original 
signal after passage through the DA converter 28 as 
shown in FIG. 4(C). Finally, the time-expanded output 
signal will be output as sound from the speaker 36 via 
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the low pass filter 29 followed by the output amplifier 
3S. 

In FIG. 4(C) each block of the original signal is re 
peated twice. This is because blanks produced from 
frequency adjustment have been filled by repeated read 
out of data from RAM in order to produce for pause 
less, smooth output signals. On the other hand, FIG. 
4(D) illustrates the reproduction of original signals at 
double the tape speed, the frequency being twice as 
high as the original signal's. In this case, contrary to the 
case of the above-described time-expansion, the time 
compression applied causes the repetition rate of en 
coded pulse signal EPS to be double the repetition rate 
of decoded pulse signal EPS to be double the repetition 
rate of decoded pulse signal DPS, thus making the fre 
quency of the sound output signal unchanged with re 
spect to the original signal as shown in FIG. 4(E). The 
wave form of FIG. 4(E) is devoid of part of the wave 
form of original signal. This is because the frequency 
adjustment has the increased RAM data and excessive 
data have been deleted. 
FIG. S shows the detail of the circuit of the AD 

converter used in the delta (A) modulator. The circuit is 
composed of the signal input section 61, comparator 62, 
flip flop 63, local decoder 64, and automatic level ad 
justing circuit 65. 
Other systems making use of PCM (Pulse Code Mod 

ulation), etc. are available for AD conversion, though 
these systems are complex and expensive. The delta (A) 
modulator of the present invention produced in the 
circuit configuration disclosed herein is simple and inex 
pensive to manufacture. 
The sound input signal is passed through the signal 

input section 61 composed of a capacitor and a resistor 
and led to the positive input terminal of the comparator 
62. The negative input terminal of the comparator 62 
receives an analog-decoded Q output from the flip-flop 
63 which holds the sample until the presence of an 
encoded pulse EPS is sensed. Therefore, the sound 
input signal is compared with the input value previously 
sampled in conjunction with the timing of encoded 
pulse EPS and is converted into a digital signal "0" or 
“1” depending on its magnitude. The automatic level 
adjusting circuit 65 integrates the Q output from the flip 
flop 63. The time constant of the automatic level adjust 
ing circuit 65 is dependent on the resistor 66 and capaci 
tor 67. The automatic level adjusting circuit feeds the 
result back to the sound input line via the resistor 68, 
thereby automatically adjusting the levels of the two 
inputs for the comparator 62. 
The outputs from RAMs 25 and 26 are fed as a series 

of continuous signals to the input terminal of the DA 
converter 28 via the gate circuit 27. This DA converter 
28, consisting of a flip flop. 281 for sample hold, a resis 
tor 282 for integration, and a capacitor 283 as shown in 
FIG. 6, which serves to convert digital to analog sig 
nals. The time-axis compression-expansion processed 
signal, after DA conversion, finally enters the low pass 
filter 29, where frequencies higher than the cut-off fre 
quency determined by the resistor 291 and capacitor 
292 are not allowed to pass. Thus the sound output 
signals will be reproduced with a reduced degree of 
noises. 

Referring now to FIG. 7, for the third example of the 
present invention, in correspondence with FIG. 3,30A 
and 33A are pulse oscillators corresponding to pulse 
oscillator 30 and 33 of the FIG. 3 embodiment, respec 
tively, and 34A is a control circuit corresponding to 
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6 
control circuit 34 of FIG. 3. This device may operate as 
shown in FIGS. 4(A)-(K). In this case, RAMs 25 and 26 
are composed respectively of two RAM chips 251 and 
252, and 261 and 262. The RAMs are first divided into 
write or read mode according to the level of the signal 
added to the R/W terminals. The two series of RAMs 
work complementally with each other repeating alter 
nately write and read, since RAM 25 receives the read 
write signal RW by dividing the encoded pulse signal 
EPS generated by the pulse oscillator 30A and RAM 26 
receives read-write signal RW corresponding to the 
read-write RW with inverted phase. That is, while 
RAM 25 is in write mode, RAM 26 is in read mode and 
while RAM 25 is in read mode, RAM 26 is in write 
mode, resulting in the simultaneous occurrence of con 
tinuous writing and reading of a series of signals. The 
processing of time-axis compression-expansion due to 
the present invention is based on variation of write and 
read speeds and it is the oscillators 30A and 33A, the 
control circuit 34A, and the address counters 3 and 32 
that take charge of the control of this variation in speed. 
This control is effected in the following sequence. The 
control circuit 34A generates address pulses in which 
encoded pulse signal EPS generated the pulse oscillator 
30A varies the pulse repetition rate in accordance with 
the setting of the compression-expansion ratio change 
over circuit 37. Decoded pulse signal DPS, with fixed 
pulse repetition, generated from the pulse oscillator 
33A appear alternately in synchronism with the timing 
of read-write signal RW. These address pulses are trans 
mitted to the address counters as address pulses APSA 
and APSB, respectively. The address counters 31 and 
32 designates addresses for RAMs 25 and 26, respec 
tively, and according to the current mode state, data is 
writtenf into, or read out of the designated address. In 
addition, with this circuit, the formation of address 
designation pulse at data write-in is in synchronism with 
the encoded pulse signal EPS and, the repetition of 
address designation pulse at data read-out is in synchro 
nism with the decoded pulse signal DPS. Thus, the 
signal compression or expansion is effected according to 
the ratio of these two pulse repetitions. 
On the other hand, the outputs from RAMs 25 and 26 

are fed as a series of continuous signals into the input 
terminal for the DA converter 28 via the gate circuit 27. 
This DA converter 28, consisting of a flip flop. 281 for 
sample hold, a resistor 282 for integration, and a capaci 
tor 283 as shown in F.G. 6, serves to convert digital to 
analog signals. The time-axis compression-expansion 
processed signal, after DA conversion, finally enters the 
low pass filter 29, where frequencies higher than the 
cut-off frequency determined by the resistor 291 and 
capacitor 292 are filtered out; thus the sound output is 
reproduced with a degree of noise. 
As described above, this time-axis compression 

expansion device employs the random access memory, 
a digital memory element, as the major component. 
This RAM is controlled by the basic system. Therefore, 
this device of the present invention may have an ex 
tremely simple circuit construed around the memory 
thus rendering the circuit of the present invention inex 
pensive and of high reliability. 

In the novel mechanism of the present invention the 
use of two oscillators allows free change in the fre 
quency of the write pulse, making it possible to arbitrar 
ily set the compression-expansion ratios. Thus, the cir 
cuit employed is very simple as compared with the 
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conventional division system in which write and read 
pulses are formed by division of basic clock pulses. 
The device shown in FIG. 9 in correspondence with 

FIG. 1 is designed to have a sound reproducing unit and 
time-axis compression-expansion unit separable for each 
use. The output of the pre-amplifier 3 is input to the 
time-axis compression-expansion circuit 4 via the 
contact 40A of the changeover switch 40 and the 
contact 41A of the connector unit 41. The output of this 
time-axis compression-expansion circuit 4 is input to the 
speaker 5 via the contact 41B of the connector unit 41 
and by the contact 40B of the changeover switch 40. 
The compression-expansion ratio changeover circuit 6 
issues driving signals to the drive control circuit 8 via 
the contact 41C of the connector unit 40 and the contact 
40C of the changeover switch 40. The contacts 
40A-40C of the changeover switch 40 are switched in 
accordance to the state of connection of the connector 
unit 41. When the sound reproducing unit 42 and the 
time-axis compression-expansion unit 43 are brought 
into close contact with each other, connection is made 
between terminal b sides as shown in the figure, 
whereas when both are separated, connection is made 
between terminal a sides. The terminal a of the contact 
40A is connected with the terminal a of the contact 40B 
through the line l. 
With such a structure, while a time-axis compression 

expansion processing is under way, the connector unit 
41 connects the sound reproducing unit 42 and the time 
axis compression-expansion unit 43 as shown, and the 
contacts 40A-40C of the changeover switch 40 are 
connected to the terminal b side. Therefore, the sound 
signal which the reproducing head 2 has reproduced 
from the magnetic tape 1, after amplification by the 
pre-amplifier 3 is applied to the time-axis compression 
expansion circuit 4 via the contacts 40A and 41A and 
this sound signal is subject to a time-axis processing in 
accordance with the setting of the compression-expan 
sion ratio changeover circuit 6. The sound signal, hav 
ing been subjected to the time-axis processing, is output 
from the speaker 5 via the contacts 41B and 40B. The 
compression-expansion ratio changeover circuit 6 ar 
ranges tape speed in accordance with its setting by 
passing the driving signal to the drive control circuit 8 
via the contacts 41C and 40C to control the drive circuit 
7. 
When the connector unit 41 separates the sound re 

producing unit 42 from the time-axis compression 
expansion unit 43, the connection of the contacts 
40A-40C of the changeover switch 40 are switched in 
synchronism with the change of the connector unit 41 
from the terminal b to the aside. Thus, the output of the 
pre-amplifier 3 is input from the terminal of contact 40A 
to the terminal a of the contact 40B via the line 1 and 
then output from the speaker. The contact 40C is also 
changed over to the terminal a side to internally short 
circuit the drive control circuit 8, so that output of the 
control circuit 8 is input to the drive circuit 7, causing 
the magnetic tape 1 to move at a tape speed specified for 
an ordinary sound record-reproduce device. Thus, in 
the case of separation of both the units by means of the 
connector unit 41, ordinary record-reproduce opera 
tions are carried out by the sound reproducing unit 42 
only, and no time-axis compression-expansion process 
ing is applied to the reproduced sounds. 
As described aove, this device is capable of either 

connection or separation of the sound reproducing unit 
and the time-axis compression-expansion unit by means 
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8 
of the connector unit. Therefore, we may apply time 
axis compression-expansion processing, if needed, by 
uniting both the units; or we may employ only ordinary 
recording-reproducing by separating both the units if 
no time-axis processing is needed. It may thus be em 
phasized that the present invention is a time-axis con 
pression-expansion device having high degree of free 
dom in manageability and weight. 

In the example of FIG. 9, both the sound reproducing 
unit and the time-axis compression-expansion unit are 
united by the connector unit. However, it is possible to 
have both the units apart from each other by using 
connectors, cables, etc. on the connector unit. 

FIG. 10 shows a reproduced-sound speed changer of 
the present invention, where 50 is the tape driving sec 
tion which is connected to the slide resistor 54 via the 
driving-section control circuit 52. 
56 is a magnetic tape and its recorded sounds are 

converted into reproduced signals by means of the re 
producing head 58. The reproducing head 58 is con 
nected to the pre-amplifier 60 which amplifies the re 
produced signal to such a level as is needed for applica 
tion of the time-axis compression-expansion processing. 
This signal is then connected to the compression-expan 
sion ratio changeover section 62 which changes over 
the compression-expansion ratio. The compression 
expansion ratio changeover section 62 is connected to 
the speaker 66 via the time-axis compression-expansion 
circuit 64 which subjects signals reproduced at a speed 
different from the original signal's speed to compres 
sion-expansion precessing by partial deletion or multi 
plication. 

In the example shown, the compression-expansion 
ratio changeover section 62 has a stepwise setting of 
ratios and when the speed ratio of reproduced to the 
original sound is equal or close to unity, the signal from 
the pre-amplifier 60 is reproduced directly, without 
being subjected to A/D conversion. This signal is ap 
plied to the speaker via the bypass circuit 68. This is 
because it is desirable to select this bypass circuit 68 in 
order to remove the possibility of sound quality deterio 
ration caused by time-axis compression-expansion pro 
cessing when its use is unnecessary. 
The slide resistor 54 and the compression-expansion 

ratio changeover section 62, after having been set in a 
definite positional relation, will allow the driving-sec 
tion control circuit 52 to control the tape drive section 
50 so that the magnetic tape 56 may be driven at the 
same speed as, or at a different speed from that of origi 
nal sound. 
Modified sound signals reproduced by the reproduc 

ing head 58, after being amplified by the pre-amplifier 
60, are passed through the compression-expansion ratio 
changeover section 62 previously set to connect the 
signal the time-axis compression-expansion circuit 64, 
where the sound undergoes a tone restoring processing 
to render the output from the speaker as a highly audi 
be sound. 
Note that the variation operating section A, contain 

ing at least the slide resistor 54 and the compression 
expansion ratio changeover section 62, is separated 
from the unit containing at least the recording-repro 
ducing mechanism so that it may be handled by remote 
control. 
The slide resistor 54 and the compression-expansion 

ratio changeover section 62 are designed to be subject 
to adjustment by means of the rotary shaft 70 with the 
above-mentioned positional relation maintained. This 
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adjustment may be made either continuously or step 
wise by selecting methods for processing the time-axis 
compression-expansion for sounds. 
The foot-plate 72 is attached to the rotary shaft 70 so 

that the ratio in length of the front section to the length 
of the rear section is about 2:1. The foot-plate 72 is 
capable of moving the rotary shaft 70 back and forth on 
the cradle 74 against the elastic power of the springs 76 
and 78. 
The springs 76 and 78 are provided at the front and 

rear ends of the footplate 72, respectively, between the 
foot-plate 72 and the cradle 74. When the foot-plate 72 
is tilted, the elevated section is caused to be detached 
from the upper end of the spring, enabling the footing 
operation to be done with the application of a slight 
force. 

In the example shown, the variation operating section 
A is designed in such a way that the foot-plate 74 when 
tilted by applying the foot forward or backward will 
speed up or slow down the reproduction stepwise, re 
spectively; releasing the foot application to return the 
foot-plate to the auto-positioning state will result in 
reproduction at the ordinary speed. 

It is of course possible to set the foot-plate in such a 
way that backward application of the foot will speed up 
the reproduction. 
The foot-plate 72 may be attached to the rotary shaft 

70 at any positions. 
As seen from the above description, this reproduced 

sound speed changer of the present invention enables 
the simple foot application to freely change the speed of 
reproduced sound, making both the hands of operator 
free as to promote the efficiency of jobs such as typing. 
What is claimed is: 
1. A time-axis compression-expansion device for use 

in reproducing an originally recorded signal stored in a 
recording medium, said device comprising: 

variable rate transducer means for reproducing said 
originally recorded sound signals at a frequency 
pitch and speed different from the pitch and speed 
used in recording and for producing a reproduced 
sound signal, said different frequency pitch ad 
versely effecting the intelligibility of said repro 
duced sound signal; 

time-axis compression-expansion processor means for 
changing the tone of said reproduced sound signal 
to correspond said tone to the tone of said origi 
nally recorded sound signal, thereby forming a 
converted sound signal including, 

delta modulation means for converting said repro 
duced sound signal into a digital input signal; and 

means for modifying said digital input signal to 
thereby form a converted digital signal; and 

digital-to-analog converter means for changing said 
converted digital signal into an analog converted 
sound signal; and 

means for converting said converted sound signal 
into an audible output having a frequency content 
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similar to said originally recorded signal but having 
a speed different from the speed of said originally 
recorded signal; 

said time-axis compression expansion processor 
means modifying said digital input signal so as to 
change the tone of said reproduced signal to corre 
spond to the tone of said originally reproduced 
signal; 

means for presenting said reproduced sound signal 
from said variable rate transducer means directly to 
said means for converting by bypassing said time 
axis compression-expansion processor means when 
said speed of reproduction is substantially the same 
as said speed used in recording. 

2. The device of claim 1, wherein said variable rate 
transducer means includes: 

a sound reproducing unit including a transducer for 
reading said signal stored on said recording me 
dium; and 

wherein said variable rate transducer means and said 
means for converting are located in a first housing; 

said time-axis compression-expansion processor 
means, delta modulation means and digital-to 
analog converter means being located in a second 
housing which is selectively connected to said first 
housing; 

said variable time transducer means and said means 
for converting forming in combination a trans 
ducer for reproducing the audio waves corre 
sponding to said originally recorded signal when 
said first and second housings are not connected; 

time-axis compression-expansion processing being 
performed when said first and second housings are 
connected. 

3. The device of claims 2 or 1, further comprising: 
a foot-plate pedal having a spring biased normal posi 

tion corresponding to the original recording speed 
of said original recorded signal, the movement of 
said foot plate in a first direction speeding up the 
speed of said variable rate transducer means while 
the movement of said foot-plate in a second direc 
tion slows down the speed of said variable rate 
transducer means; and 

means for varying the speed of said variable rate 
transducer means in response to the position of said 
pedal to vary the speed of said reproduced signal. 

4. The device of claim 1, wherein said time-axis com 
pression-expansion processor comprises: 
a random access memory; 
means for converting said digital input signal into 

digital data and writing said digital data into said 
random access memory; 

means for reading said digital data out of said mem 
ory at a different rate than said data was written 
into said memory to form said converted digital 
signal. 

: 


